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ABSTRACT

Lanthanum strontium aluminum ferrite (Lao.sSro2Alo2FeosOs:5-LSAF) perovskites are drawing attention as
cathodes in solid oxide fuel cells (SOFCs). The structural properties of these materials are mostly counting on the
methods of preparation. In this study, two different preparation methods namely hydrothermal and sol-gel were
applied to prepare LSAF perovskite. The characterization results including scanning electron microscopy (SEM),
N> adsorption-desorption, and Fourier transform infrared spectroscopy (FT-IR) are investigated in detail. The
results showed that the preparation method played an important role on the microstructure of the LSAFs. It can be
highlighted that the hydrothermal method is more successful in obtaining quite small nanoparticles.
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0z

Lantan stronsiyum aliiminyum ferrit (LaogSro2Alo2Fe0s0s:5-LSAF) perovskitleri, kat1 oksit yakit hiicrelerinde
(KOYP) katot olarak dikkat ¢ekmektedir. Bu malzemelerin yapisal 6zellikleri cogunlukla hazirlama yéntemlerine
dayanmaktadir. Bu c¢alismada, LSAF perovskite hazirlamak i¢in hidrotermal ve sol-jel olmak tizere iki farkh
hazirlama yontemi uygulanmustir. Taramali electron mikroskobu (SEM), N adsorpsiyon-desorpsiyon ve Fourier
transform kizil otesi spektroskopisini (FT-IR) iceren karakterizasyon sonuglart detayli olarak incelenmistir.
Sonuglar, hazirlama yonteminin LSAF'lerin mikro yapisinda 6nemli bir rol oynadigim gostermistir. Oldukca
kiiciik nano pargaciklarin elde edilmesinde hidrotermal yontemin daha basarili oldugu gériilmiistiir.
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I. INTRODUCTION

The solid oxide fuel cells (SOFC’s) which are known as skilled and clean electric generators have been
commonly investigated in the last decades. These devices generally work at high temperatures (600-1000 °C), and
their components should be chemically compatible to run long durations [1]. One of the main drawbacks is
significantly declined performance of cathode components while operating at low temperatures.

Lanthanum strontium ferrite (LSF) is of interest as cathode candidate in SOFC [2,3]. On the other hand,
this material is not adequately effective for practical applications at the low end of 650-900°C temperature range.
Thus, recent studies which focus on improving LSF are still underway [3].

LSF materials is in the class of the perovskite type materials with ABO3 crystal structure which enables
using a wide range of A-site and B-site elements which form stable compounds. Substitution of divalent ions for
trivalent ions on the A-site is possible to be accommodated in the perovskite structure by a change in oxygen
stoichiometry or valence of the B-site ion [4]. Thus, doping on the perovskite B site with elements is expected to
ease redox activity [5]. In the literature, Lanthanum strontium aluminum ferrite (LSAF), where Al has been added
as the second B element to LSF, was described to as another interesting candidate [2].

The structural properties of perovskites are mostly counting on the preparation method [6]. Perovskite
synthesis can be widely done in several methods such as co-precipitation [7], sol-gel [7- 9] and spray pyrolysis
method [10]. Sol-gel method is one of the most fundamental, practical and routine methods which has been used,
developed and modified in studies for many years. The particles exist a gel structure in this method [11]. Sol-gel
is very useful in obtaining perovskites with high phase purity [12]. Hydrothermal method is also a very popular
and appropriate technique for the synthesis of numerous multi-component oxide materials [13]. The benefit of soft
chemical ways like hydrothermal method was that microcrystallines could be synthesized at a much lower
temperature, and also energy saving and cost effective.

To the best of our knowledge, a clear elucidation of the relationship between the structure and preparation
method of LSAFs has not yet been reported. In order to meet this demand, two important methods (sol-gel and
hydrothermal) are chosen to apply. The sol-gel method is applied as one of the fundamental methods in order to
compare with one of the latest but famous for decreasing particle size known as the hydrothermal method.
Therefore, in this study, LSAF materials were synthesized by hydrothermal and sol-gel methods in order to
examine the preparation method influence on material morphology and characterized by scanning electron
microscopy (SEM), N adsorption-desorption isotherms and Fourier transform infrared spectroscopy techniques.
The characterization results are discussed in detail.

I1. MATERIALS AND METHODS
A. Synthesis Methods

Hydrothermal method and sol-gel method were chosen to prepare the LagsSro2Alo2FeosOs.s perovskites.
All the details of the synthesis methods are given in Figure 1 for hydrothermal method and Figure 2 for sol-gel
method. A receipt adopted from Koch et al. [14] used for hydrothermal method. In the sol-gel method, the
procedure given by Hussein et al. [15] was applied. While the hydrothermally prepared perovskite is denoted as
HT, sol-gel prepared perovskite is labelled as SG.
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Lanthanum ‘ ‘ Strontium ‘ | Aluminum

. . . | | Iron nitrate ‘ ‘ Citric acid
nitrate nitrate nitrate || |

Dissolving in distilled water in a Teflon-lined-
autoclave

| LSAF clear solution ‘

Heating to 60 °C with 3 °C/min

| Adding 34 mL of 25% NH solution ‘

Stirring for 2 h at 60 °C

| Keeping at 180 °C for 20 h |

‘ Washing, filtering and drying at 100 °C overnight ‘

‘ Calcination at 1200 °C for 12 h with 5 °C/min |

Figure 1. Flow chart of the synthesis of LSAF using hydrothermal method

Lanthanum ‘ | Strontium ‘ ‘ Aluminum

) ) . ‘ | Iron nitrate ‘ ‘ Citric acid
nitrate nitrate nitrate | |

Dissolving in distilled water and stirring for 6 h
at 80 °C

‘ LSAF gel formation |

Keeping gel at 120 °C overnight

| Grinding and drying at 100 °C ‘

| Calcination at 1200 °C for 12 h with 5 °C/min \

Figure 2. Flow chart of the synthesis of LSAF using sol-gel method

B. Characterization

The morphology of the LSAFs was monitored using a Zeiss Supra VP 40 scanning electron microscope
(SEM) using SE2 detector while operating at 15 kV. The textural properties of the LSAFs were collected from
nitrogen physisorption measurements at a relative pressure of P/Po =0.98 using a Micromeritics ASAP 2020
instrument. The Fourier transform infrared spectroscopy (FT-IR) spectrum of the samples were recorded using
Agilent Cary 630 Spectrometer in powder form.
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I11. RESULTS AND DISCUSSION

SEM images of LSAFs are given in Figure 3 and Figure 4. From the morphological point of view, the
SEM nano-graph of LSAF prepared by hydrothermal method shown in Figure 3 indicated that the sample is
homogeneous, nano-structured, and quite porous and particles are well contacted with each other. At lower
magnifications in Figure 3 (a), (b), and (c), although the porous structure does not contain spherical particles, the
higher magnification in Figure 3 (d) displays the spherical nano-sized particles. Indeed, LSAF samples prepared
by sol-gel method exhibited the most regular grain shape and size with homogeneous pore distribution in Figure
4 (a), (b), and (c), a kind of agglomerations between particles were observed as shown in Figure 4 (d). The
agglomerations are made of particles that are collapsed in microstructure compared to sample prepared by
hydrothermal method. When x 5000 magnifications of both materials were compared, the LSAF prepared with the
hydrothermal method formed smaller nanoparticles than the sol-gel method.

The essential characteristic of cathodes for SOFC is the porous structure, for example through the
chemical reaction resulting advantage of shifting of electrons/ions and as well rises the length of triple phase
boundary (TPB) [15]. Therefore, although both of the preparation methods resulted with materials with high
porosities, the hydrothermal method was more successful.

Figure 3. SEM images of LSAF samples prepared by hydrothermal method (a) 2000 zoom, (b) 2000 zoom, (c) 5000 zoom, (d) 50000 zoom.
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Figure 4. SEM images of LSAF samples prepared by sol-gel method (a) 1000 zoom, (b) 2000 zoom, (c) 5000 zoom, (d) 50000 zoom

The Brunauer—-Emmett-Teller (BET) surface area values and the total pore volume are shown in Table 1.
Hydrothermal method gave higher surface areas compared to the sol-gel method. The specific surface area value
decreases from 2.59 m?/g for the hydrothermal method to 0.30 m?/g for the sol-gel method used. These lower BET
surface areas of the perovskites fall in agreement with the literature data [7-9].

The average crystallite sizes of LSAF perovskites similarly displayed differences in terms of smaller
particles obtained with hydrothermal method. These results suggest that preparation of LSAF by hydrothermal
method did not result the particles collapsing during the calcination step. Therefore, it is approved that the
hydrothermal technique can save energy and time due to the faster kinetics of crystallization.

Table 1. Textural properties of the LSAFs

Material | BET surfacearea (m%g)  Total pore volume (cm®g)  Pore diameter (nm)
LSAF_HT 259 0.005 7.84
LSAF_3G 0.30 0.001 30.4

Figure 5 illustrates N isotherms of the LSAF perovskites. Both samples displayed similar isotherms and
hysteresis loops. However, the N uptake of the sample prepared by hydrothermal method was significantly greater
than the one prepared with sol-gel, which was characteristic of well-developed porosity. While N»-adsorbed
volume rise at the relative pressure range between 0.5 and 1 is produced by the filling of mesopores by N in
sample prepared with sol-gel, the isotherm of the LSAF prepared by hydrothermal method showed a steep increase
in the range between 0.8 and 1 in N adsorption which is suggested the presence of small micropores. The isotherm
types were classified by the IUPAC classification. Regarding the classification, type V isotherm was observed.
Type V isotherm is a special case of adsorption in micro- and/or mesopores where the interactions between the
adsorbent and the adsorptive are rather weak [16]. In this regard, this type of isotherm represents cases with no
identifiable multilayer development [17].
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Figure 5. N, adsorption/desorption isotherms of LSAFs

LSAF perovskites were also characterized by FT-IR spectroscopy and the results are given in Figure 6.
Although both samples exhibited similar peaks, the sol-gel method used sample showed more peaks. For the
common peaks of the samples, ~1070 cm™ could be attributed to the asymmetrical stretching vibration of C-O—
C groups. The peaks at 540 and 569 cm™ appeared in both samples could be related to La-O vibrations. Also, this
sharper peak is known to by reason of the existence of stretching vibration of Fe-O approves the octahedral FeOs
existence in the structure. Therefore, it is better to underline here that in the literature, especially in case of the
“700-400 cm™” region of the IR spectrum, it is well-known that peaks may be attributed to the characteristic
Metal-Oxygen bond vibrations for the perovskite structure compounds [18].
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Figure 6. FT-IR spectra of LSAFs

IV. CONCLUSION

In this study, LSAF perovskites were prepared using two preparation methods: the sol-gel, and
hydrothermal method. Although the sol-gel method is a well-known representative preparation method for
perovskite materials, the hydrothermal method has gained attention recently. Based on the results, when x5000
magnifications of both materials were compared, the LSAF prepared with hydrothermal method formed smaller
nanoparticles than the sol-gel method. Besides, the hydrothermal method gave a higher surface area compared to
the sol-gel method. The characterization results showed that the materials were successfully prepared by both
methods, and it is worth investigating the electrochemical behaviours of these materials for oxygen reduction to
lay out their potential as cathode materials in SOFCs. We would like to stress that these findings will contribute to
the systematic preparation design of porous LSAF perovskites.
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